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High yields from irrigation are not due to added 
water alone. 
Fertility, weed and insect control, disease preven-
tion, timeliness of operations and use of adapted 
varieties are also essential to get top production. When 
any one of these is overlooked or slighted, you can 
expect lowered production. 
Irrigation is much more than just applying water 
to a crop. The water must be applied at the right time, 
in the right amount, and at the proper rate. This is 
called irrigation water management. The water must 
also be of desirable quality. Basically, to make proper 
water management decisions you need to know 
about: (1) soil texture, (2) soil structure, (3) soil 
depth, ( 4) soil drainage, (5) crop rooting patterns, 
and ( 6) amount of moisture used by irrigated crops. 
SOIL TEXTURE 
Soil particle size determines soil texture. Texture is 
commonly referred to as being fine, medium, or 
coarse. Generally, clay soil is fine textured, silty soil 
is medium textured and sandy soil is coarse textured. 
Soils, as they are found in the field, are usually a mix-
ture of sand, silt and clay. 
Soil texture determines how much available water 
a soil will hold ( see table 1). We speak here of avail-
able water as the amount that can be taken from the 
soil by the plant. Notice in table 1 that soil waterhold-
ing capacities and infiltration rates vary greatly. Or-
ganic matter alone has a great effect on the ability of 
a soil to take and to hold water. 
SOIL STRUCTURE 
Soil particle arrangement determines soil structure. 
Unlike texture, structure can be improved or made 
worse by irrigation farming techniques. Structure 
will either be platy, blocky, granular, prismatic, mas-
sive, etc. A platy structure resembles a claypan and 
water passes through it very slowly, if at all. Prismatic, 
blocky and granular structures allow much freer 
movement of water. 
So soil structure influences the water infiltration 
rate of various textured soils ( table 1). It is equally 
Table 1. Soil Texture and Its Effect on Soil Water 
Available Water Infiltration Rate 
Soil Texture (inches per foot) (inches per hour) 
Coarse sand _____________ 0.4-0.8 
Sandy ________________________ 0.8-1.2 
Sandy loam _____________ 1.0-1.8 
Loam _______________________ 1.7-2 .3 
Clay loam ____________ __ ____ 2.0-2.6 
Silty clay ______ ____________ 2 .2-2.8 
Clay __________________ ________ 2.4-3.0 
0.5 -1.0 
0.5 -1.0 
0.5 -1.0 
0.25-0.5 
0.25-0.5 
0.10-0.25 
0.10-0.25 
important to recognize that soil structure also in-
fluences rate of air movement into the soil. Bacterial 
activity, root penetration and plant nutrient supplies 
are all functions of soil structure. 
Here are some things that cause soil structure break-
down: 
• High sodium salt content of irrigation water 
• Poor drainage 
• Low organic matter content. 
• Working soil when excessively wet. 
• Excessive tillage. 
• Excessive irrigation application rates. 
• Tilling always to the same level (plow-pan) 
SOIL DEPTH 
Soil depth influences the rooting pattern of crops 
and determines the total amount of water held in the 
soil. Total water held, in turn, determines the fre-
quency of irrigation. Thus, if a soil of 4-foot depth 
holds 2 inches per foot of water available to the plant 
and a crop uses 0.25 inches per day, we would expect 
to irrigate every 16 days. It is figured like this: The 4 
feet of soil will hold a maximum of 8 inches of water. 
We should begin irrigating when half of this, or 4 
inches, is used. The 4 (inches of usable water)---:-0.25 
(inches per day use) == 16 days (frequency of irri-
gation). 
Shallow soil over very permeable subsoil is extreme-
1 y difficult to irrigate without excess water loss, nutri-
ent leaching or impractical short irrigation sets. 
Shallow soil over very impermeable layers of soil 
restricts root growth, encourages salt buildup and 
may require a drainage system. Deep tillage, careful 
crop selection and careful water management are re-
quired on those problem soils. 
Deep medium textured soil over sand or gravel is 
ideally suited for irrigation. Irrigation water can be 
applied efficiently, salt can be flushed through the 
root zone, crops grow normally and nutrients are 
not leached readily through this soil. 
SOIL DRAINAGE 
Soil drainage is a feature often overlooked in irri-
gation planning. Basically, drainage can be classified 
as internal and surface. 
Internal drainage is required for water that moves 
through the soil vertically or at some gradient. This 
drainage is most important where irrigation water 
is high in salts and these accumulated salts cannot be 
flushed out by other means. Soils without restrictive 
layers and those without high water tables can provide 
this drainage naturally. Otherwise, deep tile drains 
and/or deep surface ditches are eventually needed. 
Surface drainage is usually easier to modify than 
internal drainage. However, the lack of this type of 
drainage can cause crop drowning and/or salt accu-
mulation. Land grading or shallow surface ditches 
can usually remedy this situation. 
CROP ROOT AND MOISTURE 
EXTRACTION PATTERNS 
The root system of plants is fixed by heredity. 
Some plants have deep tap roots while others have 
shallow primary and lateral roots. Table 2 shows the 
normal maximum root depths of a few mature irrigat-
ed crops. The table also shows the depth in which 
about 70% of the plant's roots are concentrated. Gen-
erally irrigation water is added to this depth. 
Table 2. Crop Rooting Systems in a Normal Deep Soil 
Maximum Root 70% Root 
Depth Concentration 
Crop (feet) (feet) 
Corn -- ---------------------------- 8.0 4.0 
Grain Sorghum ___ ___ ______ 7.0 4.0 
Wheat ____________________________ 5.0 3.0 
Alfalfa -------------------------- 9.0 5.0 
Red Clover ___________________ 6.0 3.0 
Soy Beans ___________ ___________ 5.0 3.0 
Grass ------------------------------ 5.0 2.5 
Tomatoes _____________________ 5.0 3.0 
Potatoes -------------------------- 3.5 1.5 
Cucumbers ____________________ 3.0 1.5 
Root development and penetration can be altered 
by soil factors such as compacted layers, shallow soils 
over gravel or hard pan, high water table, rising water 
table, and dry layers. 
Along with table 2, consider the fact that the soil 
moisture is actually extracted from the soil according 
Figure 1. Average moisture extraction patterns of plants. (Adapted from SCS National Engineering Handbook, USDA.) 
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METHODS OF ESTIMATING SOIL MOISTURE 
Method 
Feel and 
Appearance 
Tensiometer 
Electrical 
Resistance 
Devices 
(Blocks) 
Water Budget 
Crop Color 
Procedure 
Soil is probed to desired depth and moisture 
estimated by rolling, balling, ribboning, etc. 
(See Fact Sheet "Don't Wait-Irrigate.") 
Soil moisture suction measured by noting vac-
uum gate reading. Porous ceramic tip installed 
in ground at desired depth. (See Fact Sheet 
"Don't Wait-Irrigate.") 
Two electrodes (block) buried in ground. Me-
ter measures electrical resistance changes of 
block due to changes in soil moisture. 
Moisture estimated by bookkeeping climato-
logical records (precipitation, wind, evapora-
tion, sunshine, etc.) 
Noting crop color change due to moisture 
change. 
to figure 1. Observe that 70% of the moisture used is 
removed in the top half of the root zone. As an exam-
ple, if D=4 feet (normal root depth) 70% of the con-
sumed moisture is taken from the top 2 feet of soil. 
This figure is quite accurate when describing mois-
ture extraction patterns of plants growing in a soil 
without restrictive layers and with adequate moisture 
throughout the root zone. 
MOISTURE USED BY IRRIGATED CROPS 
Total moisture used on an irrigated field is called 
consumptive use. This includes: 1. water used in plant 
transpiration (breathing), 2. water evaporated from 
plant leaves, and 3. water evaporated from the soil 
surface in the field. Consumptive use is affected main-
1 y by plant density, plant height, sunshine, air temper-
ature, relative humidity, wind speed, and soil texture. 
Water for consumptive use can be supplied by precip-
itation and/or irrigation. Considerable research has 
been conducted in South Dakota to determine average 
consumptive water: use by crops. 
Peak period consumptive use rates given in table 3 
are normally used for irrigation design. The peak per -
Table 3. Estimated Consumptive Water Use by Crops 
Crop 
in South Dakota 
Seasonal 
Use 
(inches) 
Corn ------ ------------------------------ 21 
Grain Sorghum ________________ 18 
Alfalfa -------------------------------- 26 
Small Grain ______________________ 16 
Soybeans ---------------------------- 18 
Tame Pasture ___________ _______ 23 
Potatoes __ __________ _____ ___________ 17 
Melons _ ---------------------------- -- 15 
Peak Period 
Use 
(inches per day) 
0.25 
0.25 
0.25 
0.20 
0.22 
0.24 
0.20 
0.17 
Advantage 
Fairly Accurate. 
Inexpensive 
No maintenance 
Easy to operate. 
Quite accurate. 
Long life. 
Accurate. 
Long life 
(meter). 
Fairly accurate. 
Fast 
Disadvantage 
Labor. Requires some experience. 
Some maintenance required. First cost. Soil 
moisture lag. 
Requires calibration. Requires experience. 
Blocks deteriorate. Salt sensitive. First cost. 
Records not usually available. Soil moisture 
records needed. Tedious. 
Colors are deceiving. Too late to irrigate 
once color changes. 
iod consumptive use is defined here as the peak mois-
ture use by the crop per day through the irrigation fre-
quency, where the frequency is the time that it takes 
to cover the field with the irrigation system. For ex-
ample, if corn uses 0.25 of an inch per day for 14 days, 
the irrigator must provide 0.2Sxl 4 or 3.50 inches of 
water to restore soil moisture to the desired percentage 
in the root zone. This 3.50 inches is the net water need-
ed by the plant and does not include the irrigation wa-
ter lost by evaporation, seepage, or water wasted dur-
ing the irrigation. These losses may sometimes 
amount to 25% to 60% . 
SOIL MOISTURE MEASUREMENT 
Correctly designing an irrigation system involves 
knowledge and use of all the above factors. From this 
point, it is up to the irrigator to decide how he will use 
this system. Many questions face the irrigator. Some 
of them, for example: 
Am I under irrigating? 
When should I begin to irrigate? 
It rained an inch. Should I delay the next irriga-
tion? 
The weather has been hot and dry. Should 1 con-
centrate the water on the corn or try to save the alfalfa 
crop too? 
When should I stop irrigating the corn? 
Should I fall irrigate the pasture? 
You can answer most of these questions, partially 
or in full, by knowing what the soil moisture situa-
tion is at present. This must be known to irrigate wise-
I y. Soil moisture is usually estimated by one of the 
several methods described above. Some advantages 
and disadvantages of each method are listed along 
with the brief procedure. 
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